The Malayan flying lemur (Galeopterus variegatus) belongs to the Order Dermoptera, and is mainly distributed in the southern parts of Thailand, Indochina, Malay Peninsula, Sumatra, Java, Borneo, and the islands nearby (Lim 2007) . It inhabits both lowland and mountainous areas, and is found in a large variety of habitats, including primary and secondary forests, coconut groves, and rubber plantations (Lim 2007; Baba 2008) . Recent data on mitochondrial DNA of the flying lemurs have shown that this species is closely related to primates, likely related to our distant relatives (Schmitz et al. 2002; Lim 2007) .
Feeding, ranging, social, and reproductive behaviour data are fundamental information on animal ecology. However, to the best of our knowledge, information on habitat utilisation by flying lemurs and its determinants remains limited, and basically, we only know that flying lemurs are arboreal and nocturnal animals (Byrnes et al. 2011) , that during the daytime they can be found in tree holes or hollows (Yasuma 1994) , hanging from branches, or holding onto tree trunks, and that they are active at dusk (Lim 2007) . Recent studies have reported about their home range size, nocturnal activity, and habitat preference (Baba 2008; Lim et al. 2013) . With regard to feeding behaviour, information about Malayan flying lemur is fragmental (Agoramoorthy et al. 2006; Lim 2007; Baba 2008; Dzulhelmi and Abdullah 2009 ), compared to its sister Philippine species (Wischusen and Richmond 1998) .
In this study, we investigated diurnal resting site selection by the wild Malayan flying lemurs inhabiting West Java, Indonesia, at the plant-species and landscape level. We focused on forest structure, such as the extent of concealed areas and canopy cover, as these often influence resting site selection in other mammal species (Heymann 1995; Di Bitetti et al. 2000; Tsuji 2011 ). Lim et al. (2013) reported that flying lemurs in Singapore preferred forested areas with higher coverage; therefore, we aimed to confirm this finding in our study site. Besides we record several food items eaten in daytime. The relative importance of the daytime feeding seems lower than nocturnal one, but providing fundamental information on diet of the rarely studied-mammalian species would be meaningful.
Methods

Study site
The Pangandaran Nature Reserve (PNR, hereafter) is located at 108°40'E and 7°43'S on the southern coast of West Java, Indonesia, on a small peninsula approximately 3-km long and 2-km wide (Sumardja and Kartawinata 1977) . The elevation of this peninsula ranges 0-150 m a.s.l., and its average height is approximately 100 m. The average annual rainfall from 1990 to 2010 was 2,940 mm, although it presents some inter-annual variation (Rosleine and Suzuki 2012) . Air temperature and humidity from 1984 to 1985 were 22.5-35.0°C and 88.5-96.5%, respectively (Kool 1993) . The nature reserve is located at the top of a peninsula, bordering with the rest of the island through an isthmus approximately 200-m wide, linking the peninsula to the mainland. The reserve is divided into two zones: a public use zone (nature recreation park) of 38 ha, and the actual nature reserve, which consists of 370 ha and includes the remaining area. Our study area was confined within the northern section of the nature recreation park, where forest rangers frequently observe flying lemurs (Prayitno, pers. obs.), but exact number of animals inhabiting the area was unknown. The study area included a small section of swamp forest within the nature reserve, and a beach forest in the northern part. The total study area was 27.7 ha. Topography inside the study area was relatively flat, and a paved forest path (5-m wide), is set inside the recreation park for visitors' convenience.
Vegetation survey
Between 2011 and 2014, we conducted a vegetation survey within the study site in order to gather information regarding the forest structure. We divided the study area into 20 × 20 m-sized quadrats (n = 693), and recorded the GPS location of each tall tree (> 5 m) using a handheld GPS receiver (GPS MapCSx, Garmin Co., Kansas, USA). The quadrat size was chosen for being appropriate to evaluate the relationship between forest structure and diurnal resting site selection by the flying lemurs, since they are solitary animals, and their home range sizes in Western Java are between 1.3 and 1.8 ha (Baba 2008) . For each tall tree, we recorded species, tree height (TH) and the height of the lowest branch (TB) within 0.1 m, using a handheld laser rangefinder (TruPulse200, Laser Technology Inc., Colorado). On the other hand we roughly measured the maximum crown diameter (CD) and categorised the values into seven classes by eye: (1) 
For our convenience we assumed that representative values of CD (m) for each class to be (1) 2.5, (2) 5, (3) 10, (4) 15, (5) 20, (6) 25, and (7) 30, respectively. In order to quantify the total CV within a given quadrat, we summed up the CV value for each tall tree within the quadrat.
Diurnal resting site/trees
We conducted four intermittent field surveys between 2011 and 2013 (153 days in total). We recorded the location of flying lemurs in the forest observed during our fieldworks (from 6h00 to 18h00 in usual). Whenever we observed a flying lemur resting or feeding, we recorded (1) the GPS location of the animal, (2) number of animals (except for cubs still closely associated with their mothers) found within 10 m, (3) plant species, and (4) height of the tall trees occupied by the flying lemurs. If we found the flying lemurs more than one time at same tall tree in same day we recorded only once to avoid double-counting. If we observed daytime feeding by the flying lemurs, we recorded the plant species and parts eaten. Our methodology adhered to Indonesian/Japanese legal requirements.
Statistical analyses
To test for tree species preference, we compared the frequency of tree use as diurnal resting site and the relative percentage of tall trees of the given species present in the area, using a chi-square test of independence. To test for tree height class preference as diurnal resting sites, we compared the frequency of utilisation (we did not consider number of individuals) for each tree height class with the frequency of the tree class within the study area, using a two-sample Kolmogorov-Smirnov test. For the latter analysis, we classified TH values into seven classes: (1) 5.0-9.9 m, (2) (7) 35.0-39.9 m. We compared mean tree heights among three preference classes (preferred, neutrally used, and avoided) using a Kruskal-Wallis test. In order to confirm Lim et al. (2013) 's finding, suggesting that flying lemurs predominantly select areas with a dense canopy cover, the effects of the TH (m) and the CV (m 3 ) on the frequency of quadrat utilisation were tested using generalised linear models (GLM). Specifically, we conducted two-level analyses: initially, we tested the relationship between plant characteristics and quadrat utilisation, assuming that the error structure of our data is binomially distributed (i.e., fitted to a logistic regression). In addition, we tested the relationship between plant characteristics and frequency of utilisation for each quadrat that was used by the flying lemurs at least once. In this case, we assumed that the error structure of our data followed a Poisson distribution (i.e., fitted to a Poisson regression). For the GLM analyses, we used TH and CV as explanatory variables. The level of significance (a) was set at 0.05 for each, and all data analyses were performed using the statistical software R 2.15 (R Development Core Team 2012).
Results
Vegetation in the study site
In total, 132 different woody plant species, belonging to 39 families, were recorded within 27.7 ha of the study area (Appendix 1). The total number of tall trees (> 5 m in height) within the study site was 9,624. The trees were mainly from the following 10 species: Syzygium antisepticum (Myrtaceae, n = 1,305), Dysoxylum caulostachyum (Meliaceae, n = 1,130), Tectona grandis (Verbenaceae, n = 674), Pterospermum javanicum (Sterculiaceae, n = 668), Swietenia macrophylla (Meliaceae, n = 504), Buchanania arborescens (Anacardiaceae, n = 428), Polyalthia lateriflora (Annonaceae, n = 356), Hydnocarpus heterophylla (Flacourtiaceae, n = 355), Croton argyratus (Euphorbiaceae, n = 339), and Vitex pubescens (Verbenaceae, n = 333). Among them, T. grandis and S. macrophylla were artificially planted species (Rosleine and Suzuki 2012) . These 10 major species represented more than 63% of all recorded tall trees within the study site, and the top 30 species represented over the 80% of the trees. Mean (± SD) TH and the CV 
Diurnal resting site description and preference
During the study period, we observed flying lemurs holding onto trees on 184 occasions. In most cases (n = 147), we found single individuals or a pair of a mother and a cub, but sometimes more than one adult individual a Percentage of tree density was obtained by dividing number of tall trees by total tall trees (n = 9,624). ***: P < 0.001, **: P < 0.01, *: P < 0.05. (+): preferred, (-): avoided.
were observed together (n = 33 for two adults, n = 2 for three adults, and n = 2 for four adults); we could not identify the sex of animals. From all the woody plant species analysed, 33 different species, belonging to 16 families (representing 25% of all plant species recorded in the study site), were used as diurnal resting trees by the flying lemurs (Table 1 ). Species such as Pterospermum javanicum (Sterculiaceae, 25 times), Barringtonia spicata (Lythraceae, 15 times), Cynometra ramiflora (Leguminosae, 15 times), Swietenia macrophylla (Meliaceae, 12 times), and Ficus pubinervis (Moraceae, 10 times) were the ones most used by the flying lemurs, and these top five species represented approximately the half of all the trees used for resting sites (Table 1) . Among these 33 tree species, 14 were significantly preferred by flying lemurs for their density (chi-square test of independence, P < 0.05), while three tree species (Hydnocarpus heterophylla, Dysoxylum caulostachyum, and Syzygium antisepticum) were significantly avoided by the flying lemurs for their density (P < 0.05) ( Table 1) . Except for Pterospermum javanicum, the top 10 tree species mentioned above were not preferred by flying lemurs. Mean tree heights did not significantly differ among preferred, neutrally used, and avoided tree species (Kruskal-Wallis test, c 2 = 4.9, df = 2, P = 0.083). On the contrary, tree height used by flying lemurs ranged between 5-40 m and peaked at 10-25 m, which was significantly greater than that within the study site (two-sample Kolmogorov-Smirnov test, c 2 = 122.9, P < 0.001) (Fig. 1) . In summary, flying lemurs had a tendency to prefer taller trees as their diurnal resting sites.
GLM analyses showed that quadrats with trees with a higher mean TH had a tendency to be selected as diurnal resting sites (GLM: z = 3.38, P < 0.001); however, total CV of the quadrat did not affect site selectivity (z = -1.22, P = 0.222). On the other hand, quadrats with higher mean TH and lower total CV showed a significant tendency to be repeatedly used (GLM, TH: z = 2.50, P = 0.012; CV: z = -3.31, P < 0.001) (Fig. 2) .
Daytime diet of the flying lemurs
During the study period we observed flying lemurs performed daytime feeding on 11 separate occasions. They fed on eight different woody species and one liana species (Agelaea macrophylla, Connaraceae), representing 10 different items. The list of items previously reported as eaten by flying lemurs is shown in Table 2 . Five out of nine plant species were new records as Malayan flying lemurs' diets. In our study area, flying lemur mainly feed on young leaves, following the observations reported in previous studies from other study sites (Table 2 ). In addition, flying lemurs consumed water from Cynometra ramiflora (Leguminosae) leaves once (Table 2) .
Discussion
Malayan flying lemurs used 33 different tree species as their diurnal resting sites. The diversity of species used as diurnal resting sites in this study was much greater than that reported for palm plantations in Pandeglang, where flying lemurs used mainly coconut palm and betel palm trees within the plantations (Baba 2008) . Tree utilisation did not depend on tree density. The lemurs significantly preferred 14 out of 33 tree species, while three tree species were significantly avoided. Except for Pterospermum javanicum (Sterculiaceae), none of top 10 tree species presenting the highest density were preferably chosen, and for three of them (Hydnocarpus heterophylla, Dysoxylum caulostachyum, and Syzygium antisepticum) this tendency was significant (i.e., avoided). Furthermore, the planted species Tectona grandis was never used by the flying lemurs, despite it presented the higher density. There was no significant difference in mean tree height among the three preference classes (preferred, neutrally used, and avoided), and it was not clear whether there was any type of tree preference at the species level. On the other hand, at the landscape level, we found that quadrats with higher mean tree height had a tendency to be selected as diurnal resting sites with higher probability, and quadrats with higher TH and/or lower CV were repeatedly used as resting sites. Thus, it is likely that flying lemurs preferred isolated taller trees regardless of the species. These results suggest that the species preference detected (Table 2 ) was a reflection of forest structure and not of the characteristics of the tree species. Possibly, the reason behind this pattern of tree selection is associated with gliding efficiency, as the flying lemurs are mainly active after sunset, and start to glide from their diurnal resting sites to feeding trees (Lim 2007) . Flying lemurs have been recorded to glide up to 136 m in a single gliding event, with a corresponding drop in vertical height of 10-12 m (Walker 1983) . To achieve such long distance glides, the trees being at a distance might be advantageous. Predator avoidance is likely to be an additional reason swaying the preference toward isolated tall trees; in fact, Philippine monkey-eating eagles (Pithecophaga jefferyi) are known to prey primarily on Philippine flying lemurs, representing 54-90% of the eagles' total diet (Lim 2007) . Although no previous studies have comprehensively investigated predation on Malayan flying lemurs , there have been several reported cases of pre dation by raptors, pythons, wildcats, and long-tailed macaques (Harahap and Sakaguchi 2003; Lim 2007) . Potential predators, such as monitor lizards, civets, feral dogs, and long-tailed macaques occur within the PNR (Brotoisworo 1991) . On one occasion, we actually observed a flying lemur rapidly climbing a tree and escaping into the canopy after a group of macaques closed up on the flying lemur while holding on the tree trunk (Tsuji, pers. obs.) . Using isolated tall trees would be advantageous to decrease predation risk. This preference for taller trees has also been reported in plantation of Pandeglang (Baba 2008) , where middle-sized carnivores, such as leopard cats and civets, occur (Nakamoto et al. 2006) .
The number of daytime food items consumed by flying 
